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1.0 INTRODUCTION

. EVALUATION |S -
The purpose of this s towgl;%}’de technical ‘support  to
Intermountainﬂfgwer Service Corp"."’?qIPSC) ’:“éfé’@mm the existing condition and

- REMALN
estimatedplife of the coal fired burners on Units X &2 These burners have

sps . N DITLON CHANGES )N © AT ING
had numerous modifications, adjustments, and repairs in -éﬁe—éfné-g-ﬁew—yea;s_o PARAMETER.

wee vmit seryice, @ IPSC 1s concerned that the remaining 1ife has been significantly
?E?r%. A burner inspection was performed and the results and recommendations
of that inspection are included in this report. ‘

Th@é’fgf%ﬁ)t this report, references will be made to photograph numbers,
? for example, (Photo #1). All photographs referenced are attached in Appendix
) B, "PHOTOGRAPHS", at the end of this report.
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2.0 BACKGROUND INFORMATION
GENERATING Soarron
Intermountain Rewer—Rrejeet Units #1 & 2 are indoor, balanced draft,
parallel back-end, Carolina Type Radiant Boilers provided by the Babcock & Q;lcgﬂwd p~d
Company. Each unit #¥t firepulverized coal from forty- e1ght duai-
register burners arranged in four rows of six burners on both the front and rear
furnace walls. The burner windboxes are compartmented with air dampers located
on each end. furnace dimensions are 85 ft wide, 60 ft deep, and 299.5 ft from
the lower wall header centerline to the drum centerline. Figure 1 illustrates
the generaiiérrangement of these units.
The M maximum continuous rating of eagmis 6.60;000 1b/hr of
main steam at 2640 psig and 1005°F at the superheater outlet with reheat steam
flow of 5,285,000 lb/hr at 551 psig and 1005°F with a feedwater temperature of
555%F, | The highest turtine—MCR conditions are 6,480,000 1b/hr_main—stedm at
2640 psig and 1005°F with a—rehe am—ow , 187,000 10 at—550 g—ahd J
0O5°F with a feedwater temperature of 554°F_j~_——}§55£§§5523 "max imum capac1ty“
load (100% - guaranteed load) &% each unit is 6,100,000 1b/hr of main steam at
2510 psfg and 1005°F at the superheater outlet with a reheat steam flow of
4,925,000 1b/hr at 521 psig and 1005°F with a feedwater temperature of 545°F, tQ?HORJTV
Main and reheat steam temperatures are contro]]ed to 1005°F from MCR down to 65% Oroe
load (3,925,000 1b/hr) by a combination of 2 ' spray attemperation, R seowineG
AND 5*9§§51$¥g§¥ng. The design pressures of the boiler, superheater, economizer, and
reheater are 2975, 2975, 3050 and 750 psig respectively.

specified coZ i hd with any
other fuel. n two other coals,

strom
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s BEEN CONSTRUCTED
The units are designed for cyc11ng service and each ds—initiathy-provided-

with a partial boiler by-pass system The units can be operated in either a

constant pressure, variable pressure or hybrid pressure mode of operatiog_cl::ift}“

variable turbine

PO T T DTESSUTE

ure from 25% to 100% load. [

These units have typically been base-1oaded units with 96-98% l1oad capacity

siq%g,egmmercia11zation. but }%Edénits should stil] be capablie of cycling service,
£S
t8a burners should remainAadjustaMe, THROUGHOUT THE (OAD RANGE,

. . _©N /6, anN !
Unit €1 went into commercial service ot May, 1986 and Unit $2 im July, D
1987, (Approximately one yearyafter commercial service began, each unit received

COMPLICATIONS.
new Heavy Duty Afr Registers on each upper level of burners due to the E:;iuza

(%zebé of the original register., The original 70" dual register burner is {1llustrated
P in figure 2. The H.D. type register replacement corrects some of the problems
experienced by the original burner. The door shaft diameter has been increased
from 1/2 " to 3/4", The door shafts are fixed in place and the door rotates on
the shaft. The linkage has been moved from behind the rear plate o the center
of the register, and is not affected by the expansion of the rear plate. These
changes have simplified the burner anﬁﬁ?ﬁproved its operation. g;¢u.geruﬂurs'*”*°

% SUPPLIED BY THE cus-ro;m/' ngrg_%'g_g‘g% gg'%ﬁg%_f'%

Thermocoup1esAyere attached to tfle throat sleeve, register rear plate,
inner air sleeve, and coal nczz1e he or1g1na1 22" long stainless steel coal
nozzle tip was replaced with a 33" sectionA~ The/’ﬁermocou§?§.wa§ attached near
this carbon and stainless Junction. The control room has an indication of these

temperatures and they haye been set to alarm at 1350°F. These temperature
readings will be referenced tater in the report as "burner temperatures”,

IPSC. has been instructed eves—the—post—eoupte—of—yesrs by the boiler

REDLCLE
manufacturer to eontipue Feducing the amount of ¢ooling air to the cut-of-service

burners in order to meet performance guarantees. This practice has resulted in
PROBLEM
burner component overheating and is the major reason for st past #a#famu;s nd

the present poor condition of the burners.

2-3
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3.0 BURNER -EVRCHATION

This section summarizes the visual observations that were made during the
3-27-90 outésg?e. é‘ﬁd the estimated remaining 1ife of the burners. | It should be ?
noted that all observations, recommendations, and conclusions are based on visual
information only;/ -

3.1 Burner Inspection
SEPMEA’FE
ff;ezprU3] fort a%«SJght burners on Unit 1ﬂ were inspected on March 27, 1990 by
EER personnel’=The burners were inspected from inside the windbox. A burner
inspection sheet was completed for each burner to note the condition of each
major component. Conditions such as warpage, exfoliation, overheating, weld
breakage, and general %)erabﬂ‘lty were noted for each burner, AWU%%Y‘ PrROUEMS VS

S Ho {
figure 3. lm_woe— INDIVIDUAL SHEETS IN wé"
APPENDIX )

information concerning operating history and pract1ces [l7fpplq

OF’tN

3.2 ndi

The general condition of the burners at this time 13 very poor, Subsequent

to inftfal installa Aumerous attempts to correct the problems which have
‘é‘ arisen h eft the burners looking severely mistreated. All the register doors

have been air arced (Photos #1 & 2) to allow door movement when the register
plates overheat and become severely warped. A triangular section has been
removed along each door side that varied from one to two inches in width, and
from the door tip to almost the door shaft in length, It appears that about 20%
of the registar door has been removed, The register doors also still have curved
edges as a result of warped register plates before the door edges were trimmed,
, Many register door shafts are also bent and rotation appears difficult,
& ) ASSEHBUES . .
The,\regwterﬁhave all been cut free from the inner air sleeve (Photo #4)
so that the registers can move independently from the rest of the burner. The
throat sleev&has also been cut free from the register front plate. Metal chs

teifé%%ﬁ in an attempt (Photos #5 & 6) to hold the throat sleeve in place, /

>

3-1
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Burner #
Condition Warpage Comments '
G4 Ok Pr rr No Yes Severe
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Packing //:_:Zézzaci:i;zf\\
Register B 4§¢3%;E§£§<:f““
\¢ s N
Front PL \B_{’// (A ~ v//x_f,
Rear PL | Z 17 . ’/<%77
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j74 The register is presently supported in only three locations. One is at the top

¢
a5’
F}.
[
(/P'J-r‘(
p(
0P €
2.
3.
4.
5
6.

r‘efzégéthe inner sleeve, and the other two are supports from the register front plate
r)u (T“(Photo #7) to the register support bracket. This support system promotes
individual movement of the register plates which results in weld fajlures.

LoERE COMPLETED ON ALL Y8 BURNERS
Speeifieaty—the Burner inspection sheetsAfeveﬁed»ﬁe‘fo] lowing problemsg

O%KEVA’?’ZONS: _ WERE APPARENT !

The throat sleeve and the throat sleeve casing on all forty-eight burners
needed repair or replacement. 8 & W Construction was making these repairs
during the burner inspections. The rope seal packing was virtually non-
existent. This was allowing large quantities of air to escape into the
furnace and avoid flowing through the burner. Also, approximately 90% of
the welds connecting the throat sleeve casing to the furnace wall (Photos
8 & 10) were broken. The casing was free to move in any direction and this
caused large gaps (1-2 inches) for air leakage into the furnace. A

conservative 1" gap around the burner would amount to 3.5% of the throat
area. [DER/VATION OF ABOVE NUMBERS [

The support channel connecting the register front plate to the register
support bracket was bent (Photo #7) and unable to slide freely on ten
burners. This was caused by insufficient clearance between the retainer
and register support bracket. The bending of the support channel
distributes additional stresses to the register front plate which enhances
the warpage of that plate.

The burner register or the throat sleeve was misaligned with the bent tube
opening (Photos #15-17) on eleven burners due to warpage.

The register front plate was warped (Photos #18-21) on fourteen burners.

The register rear plate was warped (varied from 1/2" to 1") on twenty-six
burners (Photos #22 & 23).

The welds were broken on the bar that connects the register front and back
plate together on four burners, Burner C4 (Photos #24 & 25) had six of

these bars broken and the back plate had subsequentiy warped at least 6",
X [SAFETY CONMCERNS ON FAILURE

3-3
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10.

077"572 [ poBLeENS s LN}:AG(—E’ + RECISTER SETTINGS

AN oOT CONCENTRIC DR UVMIFORIT.
eETTC,

The register handle and quadrant were bolted together tp prevent any ,
adjustment so register doors could not be stroked to determine)rf?reedom !
of movement, The register doors were stroked a -small amount (play in ’
Jinkage) from the windbox., It was noted that threc burners had register

1inkage that was locked tightly and would not move at all.

The stiffener bars that are welded to the outside of the inner air sieave
(Photos #26 & 27) shozqugiggiqgirezgagigglig °Qg&ﬁﬁnEKMRF?giaabzrhgﬁggnrnwcﬂi
flakes of metal . This was not
caused by cutting or field alterations since it was not found on all
burners. The maximum recommended working temperature of this material had
undoubtedly been exceeded. Also, one burner had broken welds where the

stiffener bar attached to the inner air sleeve.

The weld that connects the pull handie to the inner air zone disk was

completely broken on one burner (Photo #28). Another inner alr zone disk .
was cocked at‘an angle from vertical and was being held there by the pull mde{
handle. e “05;))6 #!

o

cﬁogto“)
A general observation that was noted on each burner level wasﬂ the

middlad definitely experienced highe%temperatures than the

outside burners, The physical evidence made it appear that the middle

burners are receiving less cooling air when taken out-of-service, Grd ¢ oNTeAsT
wWITH E:ZS BUBNER PROQIEMS OF GETTING BALANCED AR Flow TO OUTER
B i iihted semminiag gurner Lit

Considering the current burner condition and the amount of deterioration

that has taken place in less than ﬁ‘g’%‘}g}%ﬁ%ﬁ?%}rm“m“g burner life
is expected to be Tess than five yearsd It is expecte that the majority of the
burners will have major failures 1ike burner C4 (Photos #24 & 25) if the burners
continue to%oerate at the present temperatures and conditions. It is estimated
@t a signdficant _effort will be necessary to rebuild the burners to maintain
,(p@ Fating conditions. The burner fatlures will consist mainly of register and
throat destruction. It should also be noted here that temperature variation
around the burner exists., A thermocouple on one side of the burner may not be

3-4
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alarmed to indicate excessive temperatures, but if the thermocouple was placed
in a different radial position around the burner, the recommended temperature
would be exceeded. These therma) gradients produce high thermal stresses that
cause the severe warpage.

3.4

| FEw yeaRS - . .
In the first yess of service, many repairs were necessary on the original

. ORIGINA .
burners. These repairs were required due tqﬁmanufacturing deficiencies and
installation errors. Since then, failures are a result of excessive temperatures

and stresses,C Numerous alterations\have been made in an attempt to keep the
burners operating sleeve casings were installed, but the basic
design has remaifed the same. Therefore, there is no basis for expecting this
repair to function any longer than the last.

need LSTING
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SVILEW ALL OPTTON S

S <PECIF(ED IN
NEW TARLE oOF CONTENTS
The size of the 70" register greatly exceeds any other previous register
sold by B & W, The diameter of this register was increased from the brevious
standard size while all plate thicknesses, material specifications, and
manufacturing processes remained the same. This has created two problems. The
burner temperatures are higher than expected even using the "normal" amount of
cooling air, which can be attributed to increased radiant heat transfer through
the larger throat area. The other problem is that higher combined (thermal,
residual, bending, etc.) stresses are greater. The combination of higher stress
and temperature have produced the higher than expected rate of deterioration.

/Zﬁc;riEI?AJ/¥T7\/€?§S

4.0

Two ways of correcting the unacceptable conditions that plague IPP Units
#1 and 2 are as follows:

1 Replace damaged components on the existing burner, Subsequently,reduce
“OZETL, burner temperatures by fncreasing the amount of cooling air. Stainless
2 steel materials should be 1imited to 1150°F, and carbon steel to 850°F.

cosT Neower ¥ H L

2. Install a new burferThAt #1171 operate with an acceptable 1ife expectancy
atla’g1gher temperature, that—is—deemed-necessary—

4.1 jsti i mit
‘ 5P0AC€D @uAW(FM»Bq:-’ ? QE‘F‘E??E?VQE‘S 7
f'{ C East burner experigncesindicates that reducing the maximum temperature to
1150°F on a new burner will result in an expected burner 1ife of twenty to
twenty-five years. Although the maximum operating temperature (with regard to
oxidation resistance) of the stajnless steel material is several hundred degrees
higher, the creep strength is greatly reduced at elevated temperatures. Creep
strength is the ability to resist permanent strain that increases as a function
of time under stress. Depending on the source, the creep strength of £7AIS1 304
stainless steal is approximately 9.5 KSI at 1150°F and 3 KSI at 1350°F, Figure
4 {1lustrates the creep strength vs, temperature relationship for 304 stainless
steels,

4-1
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Creep Strength vs. Temp. for AlISI 304 SST
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Figure 4

The register should be better supported regardless of the operating
temperature. Freedom to move independently of the inner air sleeve is good, but
the register rear plate should alse be supported off of the register support
bracket as is the front plate. Round edges and adegquate clearances should also
be incorporated into the register support bracket retainer to assure that the

register assembly ca:ﬁj%pand as needed.

ervr (pelte? R —
o MEPTrE Conclusion of this Teport 3% that new H.D. type registers should B€~

0££p44uae all burners on the lower three levels on IPP Units #1 and 2. The current
condition of the existing burners warrant the change because they have a short

life expectancy.

ySTA web

These new H.D. registers alsoc need some additicnal structural changes as
evidenced by the current H,D, registers that have been installed in the upper

4-2
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row of burners. Some warpage has transpired since installation and this problem
needs to be taken care of by additional materials or a stronger material. The
registers should also be of a one-piece design which would require that the
burners be pulled back far enough for installation over the inner air sleeve.
The two-piece design registers that were installed on the Upper row of burners
fs not compatible with good register design. o

New threoat sleeve casings should also be installed on all burners, The
casing needs to be redesigned to allow for the large thermal expansion that wants
to take place. This will eliminate the extreme warpage and weld breakage.

4,2 i rners

If increased ¢cooling air quantities are unacceptable and burner temperature
1imits cannot be lowered, the existing burners should be replaced with burners
designed to operate at the present temperature levels, New material
specifications would be required. A higher grade of stainless steel such as
AISI 309 or 310 with a low carbon content would be better suited for high
temperatures and welded constructions. This material would provide a higher
creep strength and also alleviate long-term effects of weld decay (Appendix A),
Material thickness would probably also need to be increased to overcome the high
stresses that are occurring., Thermal expansion problems also need to be
addressed. The size and operating temperature of this burner dictate that large
thermal expansions occur. If these expansions are restrained, then additional
matertal and supports will be necessary to withstand the high resulting stresses.
Preferably, the burner would be designed to allow individual parts to expand
without constraints.

4-3
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The estimated material cost of new registeré/and casings to repair the
existing burners would be $5,600.00 per burner at this time. This cost does not
include OEM mark-up. The estimated installation cost would be $10,000.00 per

burner, Gzﬁpuding EER construction supervisToR>—— [ 110VE

The cost to completely replace the existing burner registers and casings
with "higher temperature” designs would be $7,000,00 per burner.
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